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I. INTRODUCTION
The chemisorption geometry and the nature of the interaction of thiocyanate, SCN, adsorbed on a metal surface is of particular interest. In metal complexes, the SCN anion, SCN-, is an ambidentate molecule which can bond through either the N-end, the S-end, or both; see Fig. 1 . However, there is very little precise experimental information about the bonding geometry of SCN to a metal surface.I There have been numerous experimental studies of SCN-adsorbed on noble metal electrodes from aqueous electrolyte solutions. 2 Differential capacitance measurements imply partial monolayer coverage at mM bulk solution concentrations at the potential of zero charge, rising to saturation coverage at the most positive potentials that the electric double layer will sustain without chemical reaction. Raman of rough surfaces and FT-IR of smooth surfaces are in agreement with thiocyanate being adsorbed oriented towards the surface normal at high surface coverage (i.e., positive of the potential of zero coverage) and flat otherwise. On the other hand, SCN is a well known ligand in transition metal coordination chemistry. 3 In metal complexes, the preference for bonding at N or at S has been attributed to electronic effects. In particular, it has been suggested that metal centers with high electron density prefer an S-bond SCN ligand because it can decrease the excess of negative charge on the metal through n back bonding. On the contrary, when the electron density on the metal is low the N-bound complex is expected to form. It is worth noting that the N-bound species is linear while the S-bound form is tusiually bent. 1 3 Hence, the structural diversity of the thiocyanate ion may be the bas1is oI' \erv interesting surface chem istry. In this work, we have investigated the bonding nature and the geometry of SCN on a silver surface using the ab initio Hartree-Fock cluster model. Thiocyanate is studied interacting either N-or S-down at an on top site of a Ag(100) surface. We should note that we are concerned with the interaction of an SCN moiety with a silver surface. It is not important whether that moiety arrives at the surface as a neutral species or, as in an electrochemical cell, as an anion. The chemical nature of the adsorbed SCN will be the same in both cases since the Ag surface is an excellent sources of the charge required to form an adsorbed SCN anion. When the cluster has a negative charge, the charge to form the SCN anion comes from other than the Ag atoms explicitly included in the cluster. It could be that the SCN arrives at the surface as an anion or that the charge comes from other, more distant, Ag atoms of the substrate. When the cluster is neutral, the charge to form an adsorbed SCN anion would come entirely from the Ag atoms explicitly included in the cluster. For an anionic adsorbate, the actual situation at the surface will be intermediate between these two cases but closer to the case of the cluster with a net negative charge. The change in the total charge of the cluster can also be considered as a very simple model of changing the electrode charging in an electrochemical cell as the potential across the electrodes is changed. An accurate representation of the effect of the cell potential requires the application of an external electric field. 5 We found that the bonding of SCN to the Ag surface is dominantly ionic and does not involve a substantial covalent interaction; in effect SCN on a Ag surface is SCN.-We have found this to be the case for neutral clusters as well as for clusters with a net negative charge. The fact that the SCN is an anion independent of the total cluster charge is compelling evidence that SCN chemisorhed on a surface is an anion.
An important consequence of the fact that the SCN-surfacc hond is ionic is that SCN can be bound N-or S-down wit' similar interaction energies. The metal atoms of the substrate cluster have been fixed and the metal-ligand geometry has been optimized for N-and S-down coordination modes. The metal-ligand distance and angle have been varied independently. We have optimized first the r(Ag-N) or r(Ag-S) distances; then we fixed r nt r and we varied the angle oe formed by the on top Ag atom and the N-and S-ends of the SCN ion. For the optimal angle a the Ag-thiocyanate distance has been reoptimized. During the optimization procedure the S-C and the C-N distance, were fixed at their optimal values for free SCN-, r(S-C)=3.27 bohr, r(C-N)=2.21 bhohr. We have chosen to bend the SCN molecule so that it is directly overhead a ncarct nucighbor surface Ag atom. 
M11. RESULTS AND DISCUSSION

The Ag/SCN System
A very important consideration is the ionicity of SCN adsorbed on Ag. We have analyzed this ionicity using a projection operator technique to obtain a measure of the effective charge associated with the SCN fragment, or st)h-Unit. of the Ag -L clusters.
Especially for ionic interactions, projection gives a more reliable mcasUre of this charge than the standardly used Mulliken population an:alysis. 12 The projection operator for a orbital 4b is simply 00 t . A measure of the occupation of an adsorbate orbital, The geometrical parameters and the interaction energy, E I.., for the clusters considered in this work are summarized in Table I . For the geometry, we give the Ag-L equilibrium bond distance, r, and the equilibrium polar angle, a, r is given as the Ag-S or the Ag-N distance depending on the SCN orientation. For the Ag -SCN, n S-down, orientation, we give results for both q-=(O and (/)=45° azimuthal angles; for Ag -NCS, only q5=00 was considered. For this latter orientation, the equilibrium polar n]
angle was normally 1800. However for neutral Ag 
The sign is such that a positive E indicates a bound system. The absolute values In particular for small clusters, this will change the large electrostatic interaction between the Agn+ and SCN-sub-units. However while the absolute values change with cluster size, the ionic character of the bond and the gcneral features of the chemisorption geometry are common for all cluster sizes.
In particular, SCN can bond either N-down or S-down. Table 1 , with very similar binding energies. Given the limitations of the approximations used in this work.
principally cluster size and SCF wavefunctions, it is ilot possible to determine the preferred orientation of SCN on a Ag surface. For hoth N-dowil and S-down orientations, the bending of the SCN from f I0 to 90' is accompanied by small energy changes showing that the potential surface is rather 1l't. We also give, in Tables 11 and III We analyze now how the main contributions to the interaction depend on the adsorbate geometry. First, we consider the change of the Ag-SCN distance for SCN normal to the surface. This variation is shown in Fig. 2 for the N-down case but the same general features are also found for the S-down case. As already mentioned, the Pauli repulsion term increases very rapidly as the Ag-N distance is reduced. For distances larger than the equilibrium, the Ag intra-unit polarization leads to an attractive interaction. However, for distances less than equilibrium, the Pauli repulsion grows faster than the attraction due to the Ag polarization. found for the neutral Ag 10 -NCS cluster. In this case, the interaction energy between the Ag 1 0 + and SCN-components is large. >3 eV (T:ible 1), but, nevertheless, the bending requires virtually no energy. In fact for neutral A\gl 1 -NCS, when SCN is nearly parallel to the Ag surface at o= 1050. the syscm is aLctually slightly, 0.14 cV, -13-more stable than for the perpendicular orientation, sec Table I . This suggests that charging a Ag electrode in an electrochemical cell positive might cause an adsorbed SCN molecule to assume a parallel orientation even for the N-down geometry.
The bending of the S-down SCN-ion shows a somewhat different behavior (Fig.   5) . The potential energy curve exhibits a minimum for an angle (X of about 90 degrees;
the energy difference between Ein t at a= 1800 and a =90" is about 0. 14 For SCN adsorbed parallel to the surface with an lzimuthal angle of ( =45°, the N-end of the molecule is not on top of a Ag surface atom. as f or ( =0, but in a bridge position between two surface Ag atoms (Fig. 2) . This orientation exhibits a similar but slightly, 0.1 eV. smaller binding energy and a slightly different Ag-SCN distance from the = =0 case ( Table 1) . At first glance, this could lie attributed to the possibility that the N atom forms a direct covalent bond with an Ag atom for /)=(0, see Fig.   2 . However, the CSOV analysis performed for a geonetrv close to equilibrium for -14-45=0 and (P=45° does not show any appreciable difference in the bonding mechanism (Table 3) . Again, the bonding arises in large part from the metal polarization and to a smaller extent, from the SCN-donation. These two contributions are virtually the same for both azimuthal angles dl=0 and 4=45' .
The Ag/CO System
It is known that CO bonds to metal surfaces mainly through a 7t dative bond arising from donation from the occupied metal orbitals to the empty 2n MO of CO. I t The CO-metal bond is due to covalent chemical bonds and contrasts with the Ag-SCN bond which is due, dominantly, to electrostatic and polarization effects. We have studied the Ag-CO bond for COiAg (100) for this bending is shown in Fig. 6 . For a deviation of -I W from perpendicular, a=1700, the total energy of the Ag 1 0 -CO cluster does not change significantly.
However, a further bending of the CO molecule has a considerable energetic cost. For a flat CO molecule, o =90°. the interaction with Ag is strongly repulsive in contrast to the results for SCN/Ag. The reason for the repulsive interaction is that bending the CO molecule weakens the 7r covalent bond: in addition. there may also be a Pauli repulsion between the CO(ln) MO and the metal charge for the parallel orientation.
The weakened 7z bond is not replaced by alternative bonding mechanisms, at least when the Ag-C and C-O distances and geometries do not change.
The very small energetic cost of the -10 bend of CO away from the normal suggests that, at higher CO coverages. the CO may be tilted, by a relatively small amount, with respect to the normal. This tilting could reduce the Pauli repulsion due to the non-bonding overlap of the charge distributions of adjacent adsorbed CO molecules.
IV. CONCLUSIONS
All the results above show conclusively that the bonding (of SCN on Ag(100) is ionic. The most important rearrangement mechanism for the interaction is the polarization of the metal due to the presence of the S(CN ;nion. The contribution of dative covalent bonding arising from the donation from SCN to unoccupied metal levels is much smaller than that from the metal pola ri1at ion. In other words, electrostatic effects are dominant and covalent bonding ik 1f secondary importance.
An important consequence of the ionic bonding of SCN with Ag is that the bond is not directional and the SCN can move between perpendicular and parallel orientations with a small energetic cost. Thus, the actual adsorption geometry for SCN may be determined by the non-bonding interactions between adjacent adsorbates and may depend on the SCN coverage. The flat potential surface for changing the SCN orientation is fundamentally different from that found for covalently bonded adsorbates where the bond has considerable directional character. For covalently bonded CO on Ag(100), the energetic cost of bending the molecule from a perpendicular, Lx=1800, to a parallel, cc=90°, orientation is I eV. This is a large energetic cost , much larger than found for ionically bonded SCN on Ag(100). 
